A look at the thoracic surgery workforce in Canada: how demographics and scope of practice may impact future workforce needs Background: The purpose of this study is to describe the demographics, training and practice characteristics of physicians performing thoracic surgery across Canada to better assess workforce needs.
I
n the 1970s, cardiothoracic surgery in Canada was formally split into the subspecialties of thoracic and cardiac surgery by the Royal College of Physicians and Surgeons of Canada. 1 This division was made because the Royal College recognized that the scope of practice of general thoracic surgery was markedly different from that of cardiac surgery. Although the scope of practice for thoracic surgeons in Canada has previously been broadly defined, little information exists about the "true" scope of practice and demographics of surgeons performing thoracic surgery procedures in Canada today. 2 The development of an accur ate workforce planning strategy by governmental agencies and the Canadian Association of Thoracic Surgeons (CATS) has been limited by this lack of data.
Accurately forecasting workforce requirements has become increasingly important in recent years, as government agencies work to ensure appropriate resource allocation and as specialty societies attempt to predict workforce needs. Determining workforce needs for surgeons is a complex process that is influenced by several factors, including the age and sex of active surgeons, estimates of migration by active surgeons in and out of jurisdictions, rates of surgical procedures, current and future scope of practice and overall population growth and aging. 3 Using a self-report questionnaire, we sought to describe the demographic, training and practice characteristics of physicians performing thoracic surgery across Canada. A secondary goal of the study was to assess surgeons' opinions on issues related to thoracic surgery workforce and education. We anticipate that these data will provide valuable information for physician workforce assessment and planning in Canada.
METHODS

Study design
We conducted a survey to better characterize the demographic, training and practice characteristics of physicians performing thoracic surgery across Canada. We sought participation from all surgeons (general surgeons, cardiovascular surgeons, vascular surgeons and thoracic surgeons) who perform part-time or full-time thoracic surgery. We consulted surgeons who were the heads or representatives from major thoracic surgery centres in each province to obtain the names of surgeons performing thoracic surgery in their provinces. Surgeons in all provinces were surveyed. Currently, there are no surgeons performing thoracic surgery in the 3 territories (Northwest Territories, Yukon and Nunavut), and therefore these regions were excluded. The project was reviewed and funded by CATS.
Survey methodology
A literature review did not produce any suitable validated instruments, therefore we developed a questionnaire de novo. A preliminary list of items was produced by the study coordinator (S.C.G.), and a modified Delphi process was used to generate and reduce additional items. Owing to the small population size, face and content validity were addressed by soliciting 1 or more thoracic surgeons in each province to provide feedback on the questionnaire content. The final survey included 45 multiple choice, Likert-type and open-ended items were organized under the headings "demographics," "education and training," "current practice," "work hours and time off," "practice income," "scope of practice," "job satisfaction and future practice plans," "workforce and recruitment," "Royal College" and "CATS."
We used SurveyMonkey to construct the web-based questionnaire and to electronically distribute an invitation to all surgeons with email addresses available (n = 102). Printed versions of the survey were mailed to surgeons without available email addresses (n = 35). The survey was available from May 6 to June 30, 2009. To enhance face validity, a cover letter of support from the president of CATS was included. Responses were collected anonymously and pooled. To maximize the number of valid responses for each question, respondents were not required to answer all questions in the survey. For some questions, respondents were given an "other" option with an openended text box.
We sent 3 general reminder emails to surgeons. In addition, personalized reminder emails were sent to nonresponders before the survey was closed. One additional paper survey was sent to each nonresponding surgeon 2 weeks after the first mail-out. Paper responses were collected for a total of 8 weeks. Surveys were available in both English and French.
Statistical analysis
We downloaded raw and coded responses from Survey Monkey .com. Data were verified by a data coordinator (E.K.) before importing them into SPSS software version 15.0 for analysis. The primary analysis was a descriptive summary, including calculation of frequencies, means and standard deviations (SDs) where appropriate. We calculated Cronbach α to assess internal consistency reliability taux de satisfaction et la portée de leur pratique. Même s'il leur est difficile d'obtenir toutes les ressources nécessaires pour prodiguer les traitements en temps opportun, leur satisfaction au travail demeure élevée et l'offre et la demande semblent équili-brées en regard des effectifs et des besoins prévus pour l'avenir prévisible.
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of scales measuring the same construct. Two group comparisons were performed using 2-tailed independent t tests; multiple group comparisons were performed using 1-way analysis of variance (ANOVA). 4 
RESULTS
A total of 137 surgeons performing thoracic surgery procedures in Canada were identified. Surveys were sent to all identified surgeons either by email using SurveyMonkey .com or by mail. The response rate was 87% (89 of 102) online and 23% (8 of 35) by mail, for a total response rate of 71%. Of the 97 responses, 4 were incomplete. Only completed survey questions were used in the analysis and, unless otherwise specified, an n value of 97 was used for the analysis. Of the total respondents, the largest number of surgeons resided in the provinces of Ontario (38.1%), followed by Quebec (21.6%), British Columbia (12.4%) and Alberta (7.2%). Table 1 demonstrates the demographic data of respondents including age, sex, language (n = 95) and country of birth (n = 93). Interestingly, more than 65% of surgeons performing thoracic surgery in Canada are younger than 50 (mean 47.7, SD 9.1) years, with only 10.4% older than 60 years. Thoracic surgeons in Canada are predominantly men, practise in English and are Canadians by birth. The United States, England and India were each reported as birth countries by 3.2% of respondents.
Demographics and medical training
More than 90% of respondents (n = 95) completed medical school and general surgery training in Canada. More than 80% of respondents completed thoracic surgical training in Canada, 11.7% trained in the United States and 4.2% trained in England. Of the Canadiantrained surgeons, more than 90% were certified in thoracic surgery by the Royal College.
On average, respondents (n = 94) completed 6.9 years of clinical training and 1.2 years of research training after medical school graduation, with 45.6% having or currently completing an advanced degree, such as a Master's degree (31.2%). Interestingly, 77 of 95 (81.1%) respondents felt that both the length of training they completed and the length of training that is currently required of thoracic surgery residents in Canada are appropriate.
Current practice characteristics of respondents
Based on a 5-point Likert-like scale (1 = not at all important, 2 = somewhat unimportant, 3 = neither important nor unimportant, 4 = somewhat important, 5 = very important), the factors most commonly reported as being somewhat or very important in the decision about where to practice was the reputation of the surgeons (mean 3.7, SD 1.2), the collegiality of work partners and/or colleagues' practice locations (mean 4.5, SD 0.9) and the hospital/ clinical re sources available (mean 4.0, SD 1.0), including operating time and equipment (Table 2) . Internal consistency reliability of the scale was high, with a Cronbach α value of 0.84. The factors most commonly reported as somewhat or very unimportant were the on-call frequency Seventy-eight of 95 (82.1%) respondents work more than 60 hours per week, including administrative duties, research, clinical practice, teaching and on-call hours. Onethird of respondents were on call 1 in 3, while 34.1% were on call more frequently. More than 80% of respondents took 3-6 weeks of personal vacation time in 2008, whereas 2.1% reported no time off and 10.5% reported 1-2 weeks off. Most respondents (60%) took more than 7 days off for continuing medical education. Although most respondents (55.3%) were satisfied or very satisfied with their current income, 29.8% were dissatisfied. Nearly one-third of respondents (30.9%) were a part of an alternate funding plan (AFP). Of those surgeons who were not a part of an AFP, one-third were considering or negotiating an AFP.
Scope of practice and resources
At the time of the survey, 64.5% of surgeons performed thoracic surgery exclusively, whereas 18.3% performed thoracic and general surgery (Table 3) . Three-quarters of respondents' total professional time was devoted to clinical care and surgery. The remaining time was evenly distributed among research, administration and teaching duties.
Malignant lung disease accounted for the majority of respondents' thoracic surgery clinical practice time (61.2%). The remaining time was fairly evenly divided among benign lung disease, benign esophageal disease, malignant esophageal disease and other thoracic diseases.
With respect to operating days per week, most surgeons (62.8%) operated 1.5 or 2 days per week. Most respondents (62.0%) felt that their current operative case loads were appropriate; however, more than one-third (35.9%) felt that their current operative case loads were insufficient. It was not clear whether this was because of low clinical volume, lack or resources or other reasons. The factors causing delays in delivery of care that were most frequently rated as "always" or "very often" were delays in preoperative testing (49.4% combined) and insufficient OR time (49.5% combined).
To estimate the scope of operative procedures being performed, we asked the survey respondents to report which of 19 operative procedures they performed as the primary surgeon in the 4 months preceding the survey. The 19 procedures were selected to represent a broad scope of thoracic surgery practice (Table 4 
Job satisfaction and retirement planning
More than 80% of respondents reported being satisfied or very satisfied with their careers (Table 5 ). Most staff surgeon respondents (80%) were either "definitely not" moving or "un likely" to move in the next 2 years. The average age of consultant surgeons was 47.7 (SD 9.1) years, and most respondents (62.1%) indicated that they planned to retire between the ages of 61 and 70 years, whereas onefifth (20.0%) planned to retire between the ages of 51 and 60 years. Recent economic factors contributed to 22% of surgeons planning to delay retirement.
Workforce and recruitment
More than 50% of respondents felt there was an appropriate number of thoracic surgeons practising in their geographic region. Conversely, one-third of respondents felt there were too few surgeons. Most respondents (58.5%) felt that a combination of measures should be used to estimate thoracic surgery workforce requirements, whereas 24.5% indicated that using the ratio of 1 thoracic surgeon per X population was the most useful measure to predict workforce needs. Most respondents (51.1%) felt that 1 thoracic surgeon per 250 000 people was the most appropriate ratio for full-time thoracic surgeons:population in Canada. No respondents felt that the ratio should be greater than 1:500 000. Most respondents (55.7%) reported that their hospitals were not currently recruiting a new surgeon, but roughly the same proportion (58.3%) planned to recruit a new surgeon in the next 2-5 years. A large number of respondents were neutral about whether training programs are currently training too many or too few thoracic surgery residents. Respondents most strongly agreed with the statements indicating that CATS should play a role in workforce planning and should create and maintain databases of staff and residency positions in Canada.
DISCUSSION
The purpose of the Thoracic Manpower and Education study was to solicit feedback from all practising thoracic surgeons in Canada to accurately describe their demographic, training and practice characteristics and to seek opinions on issues related to education, scope of practice and workforce needs. Using survey methodology, a snapshot of the population of thoracic surgeons was obtained, suggesting that most surgeons are satisfied with their overall careers and scope of practice, and that most surgeons feel that the current number of practising thoracic surgeons in Canada is appropriate.
One of the strengths of the present study is that an iterative Delphi technique and trained survey experts were used to develop the questionnaire. This approach ensured that the survey addressed important issues for Canadian surgeons and maximized the accuracy of responses. It was also important to capture information from all surgeons performing thoracic surgical procedures. By selecting representatives from each province, we were able to identify and obtain contact information for all surgeons in provincial jurisdictions across Canada and minimize the likelihood of missing potential survey contributors who might have part-time thoracic surgery practices.
The overall response rate was 71%, which suggests that the survey results are representative of the population of practising thoracic surgeons in Canada. A response bias may, however, have occurred, as the nonresponders were primarily from the paper survey group. It is possible that surgeons not using email technology are older individuals, which may have skewed the response population to appear younger. Another potential weakness of this study is that it represents only a snapshot of thoracic surgery practice in Canada. Although there is the potential for change in the thoracic surgery workforce owing to the migration of active surgeons in and out of regional health care jurisdictions, this is not supported by our data, as 80% of respondents indicated they were unlikely to move within 2 years. Regardless, to our knowledge, this survey represents the first attempt in Canada to gather important information on current thoracic surgery issues.
This survey demonstrates that most current practising thoracic surgeons are men (90%) and are trained in Canada (90%). These data suggest that Canadian training programs have been successful in training adequate numbers of Canadians to support the needs of the population. Given that more than 50% of medical students currently enrolled in Canadian medical schools are women, the imbalance between male and female thoracic surgeons in general should be further explored. 5 In this study, more than 65% of surgeons performing thoracic surgery in Canada are younger than 50 years, and only 10% are older than 60 years. This is in contrast to cardiac surgeons in Canada and the United States. 6, 7 These latter groups report that more than half of the surgeons practising in that specialty are older than 55 years, and that 73% of the American workforce is expected to retire by 2019. 6, 7 This reportedly older cohort forms the premise for many arguments predicting a severe manpower shortage of cardiac surgeons in Canada and the United States by 2020. 6, 8 Given the younger cohort of attending thoracic surgeons in Canada, there does not appear to be an impending workforce shortage of thoracic surgeons in Canada, at least not in the near future. However, with regionalization and current surgical training, it is predicted that more, if not most, thoracic surgeons will practise exclusively thoracic surgery in the future, whereas 35% of thoracic surgeons in Canada currently have mixed practices. It is difficult to anticipate the impact this will have on workforce requirements in the future.
Most surgeons reported spending more than 8 years in training after medical school, with 45% possessing advanced degrees. More than 80% of respondents felt that both the duration of their training and the duration of training that is currently required of thoracic surgery residents in Canada are appropriate. Similar opinions were obtained from Canadian thoracic surgery residents and cardiothoracic surgery residents in the United States, who also agreed that the duration of training was appropriate and was not a factor in selecting a career in thoracic surgery. 4, 9 These findings suggest that the current model of training in Canada, with the requisite completion of a 5-year general surgery residency followed by 2 additional years in thoracic surgery, is not excessive and is endorsed by the majority of the thoracic surgery community as providing the necessary training to obtain competency in the specialty. 10 The scope of practice for thoracic surgery in Canada was first defined at a CATS consensus conference in 2001. 2 The expert panel at this conference proposed that the scope of practice include the diagnosis and management of diseases of the lungs, pleura and foregut, with care ideally being delivered at regional health centres by at least 2-3 fully certified thoracic surgeons. These centres would preferably be linked to a cancer treatment centre and a trauma unit. The survey suggests that attempts to regionalize thoracic surgical care in Canada have been successful, with more than 85% of surgeons performing thoracic surgery in groups of 2 or more surgeons. The majority of surgeons (90.4%) have some affiliation with a medical school or university, and an approximately equal number of respondents practise in community hospitals or university teaching hospitals. This model of regionalized care is important for reducing duplication of resources and establishing multidisciplinary groups with expertise in thoracic cancer and trauma care. Evidence suggests that such highvolume assessment and operative teams improve patient outcomes and quality of care. 11, 12 Furthermore, these centres that support a core group of thoracic surgeons help support surgeons in maintaining a good work-life balance by allowing an appropriate on-call schedule and allowing time off for continuing medical education. Additional efforts are necessary to refine regionalized models, as twothirds of staff surgeon respondents reported working between 61 and 90 hours per week, with more than 50% reporting a 1 in 3 or 1 in 2 call schedule. These observations are important as we try to avoid surgeon burnout and promote thoracic surgery to the next generation of medical students and residents.
Our survey results confirm that most thoracic surgeons are primarily oncologic surgeons, in that more than 75% of clinical practices focus on the management of thoracic cancers. This underscores the importance of linking thoracic surgery groups with comprehensive cancer care centres. 13 Although most respondents felt their current operative case loads were appropriate, nearly half identified insufficient operating time as a factor delaying the delivery of care. The effect of smoking cessation programs and computed tomography screening programs on workload remains to be determined. Identifying operating room resources and preoperative testing as key factors in delaying cancer care is important for future resource allocation by local government health agencies. Thoracic surgeons need to generate accurate data to support resource allocation.
The outlook for the thoracic surgery workforce in Canada remains favourable. More than 80% of respondents reported being satisfied or very satisfied with their careers, with most staff surgeons (80%) reporting that they were unlikely to move in the next 2 years. These data, coupled with the relatively young age of practising surgeons and the reported retirement plans of respondents, suggest that currently there is no workforce shortage of thoracic surgeons in Canada, nor will there be a shortage in the foreseeable future.
Future directions
Currently, CATS is carefully reviewing the data from this study. The data demonstrate clear differences in practice patterns between thoracic surgeons and cardiac surgeons in Canada and cardiothoracic surgeons in the United States. In addition, CATS is supporting a workforce study to assess long-term workforce needs for thoracic surgery in Canada.
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CONCLUSION
This survey characterizes surgeons performing thoracic surgery in Canada by providing specific demographic, satisfaction and scope of practice information. Despite challenges in obtaining adequate resources for providing timely care, job satisfaction among thoracic surgeons remains high, with little surgeon migration anticipated. A number of factors were identified that may impact on job opportunities for trainees in the future, including the relatively young age of the current thoracic surgery workforce and the expected age of retirement among practising surgeons. Although it is anticipated that 10% of thoracic surgeons may retire over the next 5-10 years, no workforce shortage of thoracic surgeons in Canada is foreseen at this time. Currently, CATS is supporting an ongoing workforce study to assess long-term provincial and national workforce needs in an effort to ensure timely comprehensive patient care and the appropriate allocation of training opportunities across the country now and in the future.
